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"I. THE PROBLEM

In the examinstion of tho opiloal characteristics of mnleculsr crystals, it
aprears to ue thet the cabination of individuai molacules is arrenged 1o a lattice
charasteristic for the given crystal.

In the first epproach ve will coneider that the molecules are firmly secured
in (e equilite-ium condltio amd have a fixed spase oriedtation (1f tho molsoules
wro asyimetrical). The heat motion of the moleculow (and of the stcams within the

¢ wolacules) leading to the appearsnce of vilratioral. “otaticoal structwres can be
conputed indirectly, as 1s domo in the examination of molecular epectra.

A9 13 mown, there can clwaye be diztinguished withia o molecule groups of
slestrons the energy stetes <«f whih determins the abpsorption of the moleoulesz in
the long-wveve Tegion of the spectrum and vhoee vave functions ere weskly over-
lapping with the wave functiones of tbe rema’ning electrona. W: will cell %hone
glostrons "optical.” In meny organic compounds such elootrens iake the foww of
the go-called gr electiroms.

N , ' We dkall as..ms that the crystel 1s made of the samo kind of moleculea, each
p : of valch hae 8 “uptical” electrona.” Ghe atate of k moicculeo will he dsterminsd
by the wavs function which {s dependent on ths coordinates and spine of these
glectranns. Such a functiou can be preseniod aus the produst of the functions
e AA- vhich ave. dependant only om the coordinates and syins of thoae clectrons,
reapectively, . )
PrewR 4

lst By be the ensrgy operator of k molecules, and Vi, be the operator of the
encxgy of the reaction of k and n nolecules. Than the wave functione and <he
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eargy leve o (B) of tie stﬂmé(rsoyoglgm.L% whole cryatal will b deter- i
~ minzd by Scluoedingar's eenantion - '
(S et e —E) @0

Tere tihe ommatior: is extended through ail n molecules raking up the crystael.
The vave fwmiction depends cn the cvordinates of 211 the electircas (vo shall deal
enly vith “optical” electrons; hereafter, we shall cmit the word Toptical™); coor-
o dduatos of “he mslecules end thoir space orientations will enter into it es peramsters.
- leter ve will dozignato the position aad crientetien cf the mwoleculas in the lattice
. by coe symbolic veotar, R. :

To solve the problem of the ebgorptiom and radiation of Light by crystals in : el
the visitle mid nliravielet regicus of the apectrua, ve vill o interested 1n the PRI 4
normel and arivary ezclicd otate of the crystal. i

Let &, be the vao function of the crystal when ell the molecules are found
in the normal state. Thoe wave function Qo con be yresented in a neutral spgroach
as an mtd ~symuetrical product of wave funetions P of the normal eiate of the

individusl molenales

= e v
whare VT gc—n Py ¥ (2

b=9 G By’ | : Gy L

P, 2 oe of the pomsible {8 §)/ vearrangements of the elactrems. The swmetion
ccours in all poasidia resrrengeronts of tie slacirone, ALl functions are
4 to be normslized and veal. In opite of this we discard the integrals of

ths non-orthogonal (overlapping) vave fuactions of thu adjacent molsculea.

The emergy of the arystal in the first approximation 16 determined fram (1)
ftar the subsiiation of (2), multiplylng by (3) end integreticy elog all the
oocrdinates of the elscironst: 4

E‘*;’EE, +’E£ {If P,i(umz; )t

=3 (7 (D% (D) Vae enil) ae(f)d?},
”» b (1)

Rere Pg, (1) end ,ﬁ (IT) sgpear &8 vave functions of the molecules kend late
cortain distributidd of the elecirons in the moleculen; 4 (1) andg(I) = fae-
t5¢cna in the resrrangesont Letween nolecules k and 1 of eny pair of e.ectrons;
anc tho sun Sicovers over all poraidle rearrangamunto of elsctrny pairs betwoen
tor kapd 1 eciles. ,

2

How let }l/n':ga’%-mgwgo,v (%)

be the vave function of tho slecirwms vhe: n molocules are fcund in undogaencrate
axcited gtate and all molscules ere gufficiently ramoved from oue anothor, When
the nolecules comverge (to conatruct the arystal), the excitation in n moleculs
wili no langer be loealized, but will de treneforrsd Irom oze molsculs to apother
[1',g7. Becauge of this, the wave function of the excited atate of the aryatel,
Shich 18 antigymmetrical relative to the rearrangemen: of the slectroms, can be
pregeated in the superposition gtate:

= v LR L @
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Culos.

F=—l S a0 (R) b
V§ ‘;‘;’ v )

. th]q (ﬁ)/ 24 getormines the Pobobility that, at e given distributice of the
m‘lamlea n moleculss will appear 1n an excited ctate.

substituting (7) 1n (1), multiplying by ¥4 and istegreting nlong all the
coordinater of tho olectroms weo gel a systen of algobraic cquationr for tiae detor-
mingtion of aj aad the anergy B of the crystal.

3’ ap M, Ea, ==0, mwlx,.. N
. (8

The sxanation ie ortended through ell nolsculee with the exceptim of nm; the wetrix
ﬂlcmnl:

M= [ P (D BTV &, (D8 (Dt
- ; S Poll) B D Vi, pumlignNi e e

cherscterizos the chenge of oxcltation detween n uand /n molesules:
. —tmf,, +§ {E,,;r[ PalllVe 9} (I)ur-z fﬁ.(l)ﬁ.{l)v,.&%m%m

Xdt}+ f‘ [ m(rm,qojma—z fﬁa)@wm{m(m:} -E,

(19)
The mrixp superacipt in tho sm shows that the eumation 1s oxtended through ell
the moleculoa except m.

gubtracting from B, vhich wé;s detexmined from (10). the emorgy of the nourmal
gtate By (4), ve get the onergy of the excited crystal

AE=4 Em-i-{) +é€, ()
where A Em" E,m R E’;‘ 1p t2e excltatica ensrgy of s of tte molocules
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Thus the excltation ensrgy of e cryotal ie distinguished Jram the excitation emargy of
& molacule by two toims, D end £ .

To calculate € it is neceoasary 1o solve the systsm of nomogenous eguationa (8)
jnvolviag 2 . With sn ldenl pariodical dstriduticn of molecules, tho coefficients
af can be 4: stinguiahed from one anothor cnly by the phade eince it g Just ae mroda-
ble o fird eny molacule 19 &n excifed atate. Accardingly, we wili look for tho solu-
tion of tha uyeten of squations (8) by taldng

an = e ’»&h’
(23}

wherc ve will assume i to be the radius vector cherscteriring the conditicn at the
centae of 1 molecules in the crymtals end k thoe weve vootor charasterizing the exel-
. tetion vavs Ja the arystal.

Substitvting (1)) in {8) and aeleetmg for the tasis the coordinates u the m.
nolacule, wo got |

N—1
=S othl
.§, Mo,

wherefsp -m. As 1s olear from {1h), for ench descrsts natural ensrgy value of the elec-
tron in ths isolated molsouls, thsre is a corresponding whole band of thickly dietxributes
natwral velues off the elsctron energies in the oryatal. The widtk of this band 13 deter-
minsd by the values of the integrals Mot characterizing che trensfer of excitetien en-
ergy 'frem 9 to £ moleoules, For molecular crystals, tuwee integrais, even for sdjacent
woluoules, are amull (in ths order of 0.3% &V ct swaller).

For the otloulation of matrix olsmente (9) we make use of a series seperstion, in
ateps of Y-, of the cleesicel energy of reactionlsypbetwesn tvo moleculoe. If we are
limited omly by the first tarm of the series separation(i.e., dipole-dipoler reestion)thie:

()

nm o )’
RO X LY oms 2 ;B Xpn,ygm, Z4m are the coordinates of the
elecirors . a™md ., in the two molwcuion, gponding to the syatem of cocrdinates

which are esparated in ths ceater of the molecules, so that the line Jolning tho centare
of tis molecules ooincides with the L axes of both systens. )

3y sobtituting (15) 1n (9), we will immaifately ese taat, far dipclar trensfers in
nolscules, the firat intesral mly vwill have a practical value vhich &etermines the
resonance renction hetwesn the two molocules. With this enproximetion we vill get the
_matriz elemant {9) in the Tollowing form

M a...i [S'quepd“f {25039m Wéé?z

e I‘r s (16)

y )
*““&95. cosfi—cas 24 Cosaﬁ‘s,

-y -
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whopo s!‘( ¢ * PAT g the maﬁi"xgﬂﬂngt')gI!mAlﬁctm- of the slectrical :nment,

N dotorminlag the quantum tranofer vwitbhin the moiscales; cosy,ﬁ,wwq{,_‘, ave the cosinvo
¢f <he angles formed by the vectore of the slectricel maments in tiuc moleculeos m end
0, corrpaymiing to the axes of the coordinaten. . o . .

For molibited dipolar trsnafers CP"‘P"—M.- In thio csse 1t 12 nocoseary to

o ) caleulate 1n {9) the reastion of a much higher crder (quadrupcls, etc.). Them it

sl ' 1p not nozessary to dimcard the second term in (9), since in certein cases it will
A " bave o value 8imilar in magnitude to tho firgt term.

° Il. RMERGY TERS OF MOLECULAR CREYSTALS OF A MONOCLINIC SYSTEM

o will uge the results cbtalned in ths foregoing section for molscular
cryatale 7 the anthracens, naphthslene and other types vhich crystallize into a
monoclind: prismstic eyetor with a cubic group eymetry £y f,. A single nucleus of
auch a erystel comtaing two aolecules, the arrsugement end crientatiom of whick
ave vell aomm. .

Space Distritution of the Molecules of Lutlracene

Tie above figure is a diegrem of the space dlatridution of the rolecules
of anthracens according te Robertaon f3]. The moleculss of enthracens sre flat end
fave = rhabic try. In the cryotal the molecules are erranged in olauvage
planes (plans sb; s that “he centers of the molecules ocoupy the centers and
cormers of the faces ob. The molecules Founs in the center of the plany have a
spacs crieontation different from the orientation on the molecvles Tound in the
corners of the plade.

Vo w11l conaider only the reaction between the molecules which 1is within
the olesvage planss of the arystal.(plans ab), eince the farces of resction be-
tyweon molocules of different cleanvage planec ic small in campariscn with the
foroes aoting betuwsen the molecnlss found in one oleavage plane.

v BT - Wo will introduce thy ‘vesic vectors & and D of the cloavege plene of the ' B
‘ A T ' aryutal lattice. Then the state of sny molecule in the cleavage plane will be i :
churucterized by the wactor .

j:%h 1"% m
(17)

vhere 1) and m simultanecusly teke either evea or odd, powitive or negatizes intecwr
velues. lHolecules whorn state will b charastarized by oven nveericel values of n
atid R will b6 called "even” moletules. The arientaticn of all aven mwleculss in .
apave is the amme {tranaferable-equivelent molecuies). Moleculee ¥hute atute 1s

. i sharecterived by odd valuss of n and m will De eslled "odd." All odd molscules

3 R are traz’aroble-equivelent among esach other end have en orientatica different
fron even molacrles. ’

¥

If w» are going to caloulsto the chango in excitation only between adjncent
m~loctlen, then the cmuTection of (15) to molecular torms cen be written in the

foliowing wey ,
ex24 cos2n+ 28 cos 264 4Ccespcost 18)
-5 )
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wiaeks 7= Aéé’,/"?jé'% xios mtﬁONEMNBNHth.u the two clesert aglovuleon

along the aria b (siihel 051 or evan); B = metrlx elewni {16} of reasticn Socvwesn
the two ¢losest molecules slong the axiz e {eithsr aven ov 0dd); ¢ = matxris e¢lement
{16} of the remction Betwern the 1wo. clageal trsaafornhlanonssrivnlent malasiae

{odd sod even).,

%ae vave funciion, carxespauiing to the energy (18}, will eppear ns

D ke S @ rtynn)
©" Vi %:” P, : {19}

tliers the awmmtion is extanded through £ll the even and odd valnes of D nd
cherasterising the conditimm of the molscules:

H ‘vl
¢nm*vﬁm-, z, (—N"F, ¥ s
== N - 4 e »
To determing t "Tm«ﬁéﬁ-ﬁﬁ‘hm‘ :ﬁ’ The polarizations of additionsl trensi-

tiana tu the crystel from & normal comditiondd , to en excited otate g p it 1s
necesmry to caloulate the matrix elemeat

Rgbrzf@g’r@gd‘t, 4 Cgm rh,m.

(20)

Svbetdtuting the functicne (15) and {2) #n (20) we will pez that the metrix
olemsnt (20) will be equal to zero for ali velwes of gand p, excopt.

(x)§=p =2,
{6);.0, na 17(0’;# m, p.= a)}

Thus the optical tranaiticus (of tho dipole type) in our crystsl arc basioally
in the excitud stato, characterized only by two patre of valuss of ¢ sud o
Hamely, trensitions are poanidle in ihe following atetos

‘21)

4’ ::J_- ) ) {22)
@ VN |om ;

el S fam
TN {%tf‘": m ¢¢4d} ' ’

. Qorresponding to this we obtein two types of matrix elements, P andKg .
Chengea with the matrix elomsntfa, except gery, will correepmmd to the shange of
energy (11) in the crystal

AB=AEm+D+2A+28+4C. (2k)

The change vtk the matrix olement Rg , except zaro, vill correspond ‘56 the change
of the energy of the aryatal

AEe“A.Em+D+1A +2B-'4c, | - {e5)

{23)

As wer .bows in our previous wark /[ 4_7, in naphthaleus molacules (es wall ar
eathracenc) bslonging to tae grovp symmstry Doh. the oxcited state of 7 electroon
can belmag to four wiaxcited rspressntations Ay, Apgs Bin, end Iy of growp

aypmetxy Bog, w

~ONTYDEATTIAL

CONFIDENTIAL

ry - . ' ) - d




Lo, e R Rt T e BN

“Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200453-8 K

N

. ~ | 50X1-HUM
S _ COWPILEITRAL . : SR
, ) The ammei state of theen rr.ole(u@NFlvDEN;HA to the wnexcited fully-uprmsrrical
) : ropresentatlon Ay, (9tical chengss vith nomel conditions ars permd ¢ oply
. . in the exelited e%fi’ten Byp and Be, {(with eorvesponding ypolarizutiols aleng ke Long

_end ghort axes of the wcleenles). Chensds in etetos As- ard Apn avarncchihited . .

Knowing the symactry of the wave functiocas and the rules of soleciict end
polerization of elsctron transfers in the molecule, by using the group ‘theory to
dotesmine the aymsstricel characteristice of the correspondirg wave fumctions of
the ceystal, Chere can bto determined the rule of selszticnm snd polorizatien of the
apectrum lins of the cryntal. )

It 1o naturel that the character of tho exeited states of the arystal will be
dependent on the correapunding type of exeited moleculer state. Bocanse of this,
the wave functicas of the excited state of the crystal will be remresented by the
aynbole 3({2,) » vhere [ . will indicato the nature of ‘us wnszcited represan-
tation the excited atate of the molecule. !

The characters of the unexcited rapresentution of & ¢roup eymstry Coh of &
coystal, together with the representation of cenversion cherscterintics of the
ccmponentn of the redius-vector(M, /4, fes) . &re given In the following table.

{ .
Ay 1 1 1 1
Ay L.l 1 1 T .1 -1 rk
By ... i -1 1 -1
By ... 1 -1 -1 1 re.,le’

Wo will notioe that both opsration (B) exd inveraion (1) coinolds in the molecule
aud oxystel. Yoo opsretion of aymmeisy In the orystal O and & covresponds to the ro-
t of even molecules with tho odd, the ensning rotation of tiy moleoule axound
i Sl 1ts short axis being 180 degress’ {i.s., operationCJof the molecule). Conesquently, tho
' e refleotion in the vlane 1s perpendioular to this exis(opsration 5Vof ths moloowde;. Thu::
' H using the table of characters of the unexcited group repvssentaiiun of the mysmetry of
molooules, we obtain ‘the folloving oonversion cheracterisctica of the wave fumction
Boc (87 4) of the oryatal;

e EBu(Bra)= b (Bra); C& Bin (Brac) = — b (B1a).
N 4 Qd (B1w;“~¢’a (Bw,); crl’@g: (Bf/l.)’@oa (’Zi“)

Compering the obtained regults with the ckavactere in the obove teble, we
will pee that the wave function of the cryatal is converted eimilarly to the wn-
excited represeatation Q“(Bw)ﬁ grovp ay metr Coh, vhiuh we will write

ehortensd thns: ﬁd ( Br.u. ) iy Bu. )

Similarly we cso dctmomine the ~anvarsion characteristlcs of the Zemsinlug
functions: .

.b ' . QO(AN-)’ @ (A4g)s éa(Aa?)«--A 35

@q(/ﬁz?)’és(Aﬁg-) '~B?’
@**(Bﬁu); @e (B,“) o~ AM, !
$a(Brac): @Q (Bas ~ Ba. '

Using: the group theory, we cax now ahow tha riles of selectiom and polari-
vation of the corrsapending optical dipolar chenges. All chenges from the normal

-7 -
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#tate to rn gitated =tnts of crystala with weve functlon: (u(4 ., 6 (Arg ) and
ﬁg.r( A’,_Q_)art forbidden. Cranges to all remaining plases ave efziiﬁte?. {ﬁw the )
franiPei’s in the weysialoo ot pornitisd ID They eorrstydnd o ik, Yroti vl ted clinnges
in tho woleenls, end permitted 1f they cowrreepead to tis porwiosibie cheages 3n the
mole=ule.

50X1-HUM -

Fox each permissidble trunnfer in the molecule there wxo two correspanding parmisniblc
changes in the crystal. im otlier words, the eneray term of the molecule in the eryatal
is divided into two torms which are distinguiched fram each other by the polarissticn.
Uno of the texme fe polarized so thot the vibretion of the electrics) vecter ia aligned
with the axis b in the arystel; that of the othar, with the plans paryendicular to axis
b. The dlvisicn of the molectlar terms 1g conditioned dy a dimeimiler gpece orlenta-
“ion of enisumetric molocule: in the axrystal. If the moleculem hal o similer arienta-
tion, then the division {of il'a type inventigated here) would be gbrent; there would
cnly be a shifting of meolaculir terma.

The rmovnt of the dlviseicn of a molscular tera is

4 =8¢

The divigion of tho torms. carxespoading to the prouibited charges in the aole-
 oule, le alwnye loss than the dlvielon of ihe permiseible terms.

Our repults are fownd t3 br in contradiction with those of V. L. Harman [57 m
that the poenibility of divisim of the energy levels in the cxphthalene orystal is
excluded for esperato molecules. ’

Both oryatal terms are ehifted relative o the carespoading moleovlar term by
the emount )

8w D+2A+28 n

’An the ¢ipension 1s displaced, eo is the dimension of divieion depenilent on the
e of olectrical transfar i1 the moleculs. : . ‘

In the given vork we exsaine the chango of undegenarate axciied molecular etatue in
a molecular cryatal. If in “he mulecule tlere is a deganerats excited plene, then it
nay be removed by the ingeriiom in the crystal of anciher degenerate mymwetyy, Thie
will 1sed to a division of -26 molecular termte einiler ‘n the divieign of atomic termw
- which haa slready been investigated gualitatively by Bothe [' 6 ]. Bach of the dividad
- {4n cexsequence of besug 1 noved) degensrato coupments cer otill be divided in the
-arystal 428 (0 the offaect “hich vas examined in the given work.

A charactarisiic peovliarity of molocular eryetale 1o that the spectrum of the
oryste) {at absorption e woll ap fluarescencs) at vary low tempsratures consiste of
aberp, often very narrov.. bands. This wie shown in connection with the work of inves-
tiguting ihe spectea o wystels at tie temperaturs of liquid hydrogeu by L. V.
Rwrolsov ad A. F. Briknritko [77.

Ty e mpeotry, 4t e;pomred, vere found to Le in cowiradiciion wita ths wsual
eppearsnce of the sma a‘rongemeat of the energy levels of the crvatale. Although
ke forces of reaction i molecular wryotals eve stsll, the width of tve susrgy zone
in such a mystal, in 8i2, shoulé diifer oniy a little from that of the onergy of
sublimation, 1.e., shouls. be within hundredtkn of the raciprocal of centimetews. The
abaarption spscirim nf i naphthalene erystad cocurtisvs of s« group of nsrrow derds.

S/, aamo of vhich enjear as radiations dve %o the widtn of the line.

As wap ehown in /s wovk, the disescto motwrs of the abaorption line {w oxplained
mwtmmmmouv.rthaomrsyunhofthacryutnlbntbythanleaotnohctm
of the opticel tranasf/ra In the crystal. It i3 poneible (hat the optlocal travaisrs otouy
only at fully deierrn’ied vyaluse of the wavs terus.
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: | in cryatala, such aa mhwxacwrCGNF&D&NHAmegm cea cecur only “3tunnm.

1]
8 basic level end tle upper o lowsr edge of the emergy zomca in ihe excited 3tato o
¢ the cryatal. A quantitetlive calculation of the ebsorption apecire of manoaryatals of
anthracens mnd u.aphumleno snd a ca:\par'acn with experimntn ‘@111 bo don in 3 Zolilowing
JRRRE-TAMN B ’
Iu cenclueion, I express my thanke to Professors S. Y. Pekar and A. F. Prikhoftko
© fee thelr helpful discusalon and lnterest in the work.
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